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Abstract
Conservation of biodiversity, in all its facets and fluxes, is the primary motivation for the develop-
ment of protected areas. However, designating land as a protected area does not necessarily result
in the conservation of biodiversity, as a range of threats to biodiversity may still be active. For exam-
ple, invasive alien plants pose a significant threat to biodiversity composition, structure and func-
tion, irrespective of protected area status. Thus the threat of invasive species to biodiversity needs
be addressed as part of a holistic conservation strategy for any protected area. Such a holistic
approach must not only consider the invasive species within such areas, but also those species that
transcend park boundaries. Here we describe the approaches developed by two organisations that
manage protected areas, namely, South Africa’s Kruger National Park and the National Parks of
New South Wales Australia, and detail their progress towards the management of invasive alien
plants for conservation. The key components of the various management frameworks are presented
here to illustrate how each has independently addressed the problem of alien plant management and
how components from each could be used collectively. 
Introduction
While major periods of biodiversity loss have occurred previously, for example the
five great extinction events between 500 and 65 million years ago, the current rate
of loss is substantially higher (Wilson 1992). Human actions have accelerated the
loss of species (Wilson 1992) and are therefore a major contributor to the decline
in global biodiversity (WRI et al. 1992). Several major human-mediated causes
have been identified, namely habitat destruction (loss and fragmentation) and accel-
erated introductions of alien species (WRI et al. 1992, IUCN 2005). Predictions of
impacts are dire, especially when the wider impacts (e.g. alteration of soil nutrients,
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atmospheric CO2 and alteration of disturbance regimes) are incorporated (Tilman
& Lehman 2001).
One approach to biodiversity protection is to designate land as a protected area
(e.g. National Parks). While the selection of such areas is typically based on the bio-
diversity value they contain, not all biomes are evenly represented. For example, the
native grasslands in Australia (Kirkpatrick 1995) and the succulent Karoo, grass-
lands and fynbos lowlands of South Africa (Driver et al. 2005) are under-repre-
sented, while savanna systems are generally over-represented. Irrespective of the
selection process, such designations do not guarantee biodiversity protection, as the
processes that threaten biodiversity are often still present. Of these, invasive alien
species pose a substantial threat (Mooney et al. 2005). Encompassing all taxonom-
ic groups, e.g. viruses, fungi, algae, mosses, ferns, higher plants, invertebrates, fish,
amphibians, reptiles, birds and mammals (Bright 1995), and with all landscapes
being potentially invasible (Lonsdale 1999), the management of alien species for
biodiversity conservation presents a range of challenges.
A vast wealth of knowledge has been accumulated in the field of alien species
management since the SCOPE (Scientific Committee on Problems in the
Environment) programme of the 1980s (Drake et al. 1989) asked the questions:
which species invade; which habitats are invaded; and how can we manage inva-
sions? However, the number of alien species on all continents continues to increase.
In many cases this increase has been much faster than historical invasion patterns
(di Castri 1989, Reichard & Hamilton 1997, Groves & Hosking 1998). Such
increases place further demands on already limited resources, outpace research, and
in many cases limit control options. In addition, many alien species introductions
are irreversible, with eradication only feasible for new invasions (Rejmánek 2001)
or under special circumstances (Myers et al. 2000). While there have been several
successful eradication programs carried out on islands (Veitch & Clout 2002), few
such successes have occurred on continents or for widespread alien species.
If the invasion of alien species cannot be halted or established invasions eradi-
cated, then we need to understand how to limit their spread, proliferation and
impacts on invaded ecosystems. Such knowledge is needed to further develop man-
agement strategies and monitoring protocols for protected areas, which are often the
last bastion for native species or populations.
This chapter focuses on the management of alien plants for the protection of
indigenous biodiversity within protected areas. Despite the management of alien
plants in protected areas being a global need, few details have been published on the
comparative approaches of different management structures; here we present both
an Australian and South African perspective. South Africa and New South Wales
(NSW) Australia share a similar climate and cover similar topography (e.g. coast-
line, temperate rangelands and semi-arid regions). Further, they have many of the
same invasive alien plants (e.g. Lantana camara L.), as well as alien plant species
that are native to the other country (e.g. the South African plant Chrysanthemoides
monilifera subsp. rotundata (DC.) T. Norl. and the Australian alien plant Acacia
cyclops A. Cunn. ex G. Don). 
While we present two different management approaches, we do not believe that
the scale of the organisations (one large park, Kruger National Park (KNP) vs.
many smaller parks, NSW; Fig. 1), or the different economies and cultures of the
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countries, prevents generalization across systems. The management frameworks
and strategies presented are generic and many of the components can be tailored for
more specific situations.
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Fig. 1. (a) A map of Kruger National Park, in relation to the rest of South Africa, and (b) National
parks within New South Wales, Australia.
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Managing alien plants within the Kruger National Park, South
Africa
Alien plants were first recorded during the initial botanical surveys of the Kruger
National Park (KNP) in 1937 (Obermeijer 1937). Today there are over 370 alien
plant species within the KNP (Foxcroft et al. 2003). This includes invasive and orna-
mental plants in both natural and modified (e.g. tourist camps and staff gardens)
environments. The historical development of alien plant management strategies in
KNP has been well documented (see Foxcroft 2000, Foxcroft & Richardson 2003,
Freitag-Ronaldson & Foxcroft 2003, Foxcroft 2004). Here we focus on the current
management systems for alien plants and their implementation within the KNP.
In 1997, an adaptive management approach was developed for the KNP based
on modern business management techniques (Allee 1997) that were widely used for
managing complex systems (Biggs & Rogers 2003, Rogers 2003, Stankey et al.
2003), based around a central premise of management directed through ‘learning by
doing’. Therefore in the case of KNP, the key policy objectives have been trans-
formed into landscape scale experiments (Rogers 2003). The KNP Strategic
Adaptive Management system (or SAM) provides a framework for prioritising
actions within complex, dynamic ecosystems, based on likely impacts or ecological
outcomes (Foxcroft 2004). The central tenet of SAM is that ecosystems are com-
plex, dynamic and adaptive (Pickett et al. 1997, Levin 1999), thus the management
of ecosystems must incorporate heterogeneity and multiple spatio-temporal scales
(see various chapters in Du Toit et al. 2003).
Embedded within the Strategic Adaptive Management framework are a series of
components, which are hierarchically arranged and cascade down from the broad
level vision statement to ground level goals, thus providing priorities (Fig. 2). In addi-
tion, SAM includes a system of thresholds to account for such natural fluctuations or
variations, called Thresholds of Potential Concern (TPCs), as well as monitoring pro-
grammes. Based on this system, policy positions have been developed to outline the
course of management adopted and the motivation thereof. Below we present a brief
discussion of this system as it relates to alien plant species management in KNP.
Strategies for the management of alien plants within a Strategic
Adaptive Management System
The adaptive management process developed for managing invasive species in the
KNP is evolving and has already undergone substantial changes since its inception
in 1997 (see Foxcroft and Richardson 2003, Freitag-Ronaldson and Foxcroft 2003,
Foxcroft 2004 for discussions on the development and theory of alien species man-
agement within KNP). The description below is focused on the current management
as outlined in boxed components in Fig. 2.
1. The alien species objectives and policies
The management objectives of the KNP are arranged in an inverted tree (Fig. 3),
with a value laden vision statement at the top and technically orientated specific
goals lower down. While this provides direction for the organisation, specifics are
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Fig. 2. The Strategic adaptive management system and component linkages, as used in the KNP. The
framework contextualises the various components of the cycle, namely: 1) The KNP objectives hier-
archy and policy, 2) Thresholds of Potential Concern, 3) Monitoring Programmes, 4) Responding to
a TPC breach, and 5) Implementation of management action. The insert (*2) describes the TPC
development, implementation and revision cycle within the broader SAM framework.
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still required. For example, the alien species policy framework provides overarch-
ing principles and guidelines for management (see Foxcroft 2005), which include
1) obligations under article 8 (H) of the Convention on Biodiversity, 2) invasive
alien species being regarded in the KNP as one of the greatest threats to biodiver-
sity, and 3) where possible, all alien species will be removed and where necessary,
previously invaded areas restored.
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Fig. 3. A sample of the structure and wording of the invasive species component of the KNP objec-
tives hierarchy.
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2. Thresholds of Potential Concern (TPCs)
‘Natural’ variation or fluctuations are allowed to occur within a pre-determined
upper and lower limit (in space and time). These limits or TPCs represent endpoints
in a continuum of change, at which point active management is required (Biggs &
Rogers 2003). In many instances the data to support these thresholds are limited and
the TPCs are articulated as hypotheses, requiring testing and refinement (Biggs &
Rogers 2003, Foxcroft 2004). Regular monitoring is required to establish if a TPC
has been surpassed or breached. Once breached, an assessment is made as to the
most appropriate intervention. Currently 20 TPCs have been developed for the
major decision areas, including water flow and quality, fire and alien species. There
are however, no lower thresholds for alien species, as alien species are a continued
source of concern.
The invasive alien species TPCs are divided into three distinct management
responses, relating to the invasion process or pathway. The First TPC targets new
invasions or incursions within the KNP, as preventing new incursions will protect
biodiversity from future any threats. This TPC is breached by either an imminent
external threat (i.e. a species outside KNP, that has the potential to invade within 12
months), or the first occurrence of an alien species within the KNP. This TPC is
based on the policy position that, 1) new alien species invasions contravene the
SANParks mandate (Foxcroft 2005), 2) potential impacts far outweigh the risk of
an alien species being benign (e.g. Mooney et al. 2005, and references therein), 3)
the possibility of eradication is decreased with an increase in foci or population size
(Rejmánek & Pitcairn 2002), 4) early intervention is cost effective (Rejmánek &
Pitcairn 2002), and 5) a 12 month timeframe provides sufficient time to develop
management strategies.
The second TPC targets increases in the distribution of an alien species already
within the KNP, as such increases are likely to result in a range of negative impacts
to biodiversity. By dividing the Park into grid cells (the size of which is currently
being explored) that are routinely searched, changes in the distribution of alien
species can be detected. A breach occurs when an alien species already present in
KNP is recorded in a new cell and the new record is not in a cell adjoining the
species’ current distribution, or new cells represent a greater than 5% increase in the
number of cells occupied previously, despite active intervention. This TPC is based
on: 1) the ability to detect the spread of alien species early is crucial for effective
management (Wittenberg & Cock 2001, 2005), e.g. once an invasion covers an area
of 100ha, the chances for eradiation are minimal (Rejmánek & Pitcairn 2002), 2)
while very few alien species that naturalize become invasive (see Williamson 1996),
those that do often experience lag periods as a result of biotic barriers (Mack 1996).
Some alien species overcome such lags as a result of propagule pressure, whereby
a critical threshold in population size is reached (Sullivan et al. 2004). This point is
followed by an exponential increase in the population which is seldom manageable
(Wilkinson 1995, Chapman et al. 2001), and 3) the eradication of newly formed
foci will increase the probability of containing the invasion at its current extent
(Moody & Mack 1988).
The third TPC targets increases in the density of an alien species in the KNP.
This TPC is stated as a hypothesis, as it is not yet operational, due in part to the lack
of data on acceptable thresholds relating to density related impacts and the avail-
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ability of efficient cost-effective monitoring protocols to detect such thresholds.
Irrespective, this TPC will use a range of defined densities (being scattered, low,
medium, and high) to determine breaches, as any increase in density of an alien
plant can be used as a surrogate measure for an increase in biodiversity impacts. A
TPC breach occurs when an alien plant species increases its density by two density
classes or more in any cell (i.e. from scattered to medium density), or increases
from medium density in any cell. This TPC is based on the assumption that
increased density is likely to 1) have negative impacts on indigenous biodiversity,
2) be a reflection of a potential rapid expansion event, 3) require increased man-
agement, and 4) high densities are more likely to result in changes to ecosystem
function and services (e.g. altered disturbance regimes; Mack & D’Antonio 1998).
A KNP review of the TPC process showed that breaches of the invasive species
TPCs occurred more frequently than for any other management concern (26 of the
32 breached TPCs examined), highlighting the threat alien species posed to pro-
tected areas, which has enabled KNP management to gain a better appreciation of
the problem.
3. Monitoring and evaluating TPCs
For the TPC process to function effectively, a monitoring system is required that
allows data collection which is consistent with the reporting requirements of each
TPC, through and within suitable monitoring timeframes (e.g. grid cells) or inter-
vals. For example, certain TPCs may require annual data collection, while others
may only need five year intervals, as changes in these systems are gradual, thereby
preventing unnecessary monitoring.
4. Responding to a TPC breach
When a TPC is breached or preferably when modelling predicts that it will be
breached, a notification plan is prepared detailing the nature of the TPC, predicted
consequences of the breach, and the recommended actions required to reverse the
breach. For example, the alien plant Acacia decurrens (Wendl.) Willd., a large tree,
was recorded just outside the KNP boundary on the Sabie River and thus breached
the first TPC. As this population consisted of a few individuals, a rapid response
action was recommended and immediate eradication was initiated. In another
example, the alien plant Parthenium hysterophorus L., an annual herb, increased its
distribution in KNP from the currently mapped and managed area, and thus
breached the second TPC. The recommended action was to immediately re-survey
its extent within KNP. The survey revealed that P. hysterophorus was widespread
and thus was not a suitable candidate for eradication. Subsequently the species was
referred to the Working for Water Programme (see below) to control and manage all
the known populations within KNP.
5. Controlling alien plants within KNP
The South African National Working for Water Programme (WFW) is one of the
largest alien plant control initiatives to be undertaken, worldwide (van Wilgen
2004). Established in 1995, the Programme’s aim is to control alien plants in water-
sheds to restore water flows, while creating employment for a large number of
South Africa’s unemployed. The people employed in this programme are given
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training both in the control of alien plants and their impacts as well as other life
skills. The enormous benefit of the Programme is clearly evident in many areas of
South Africa (van Wilgen 2004).
Working for Water provides approximately R20-30 million (approximately 2,7 –
4 million Euro) per annum to SANParks for the control of invasive alien plants
across all 20 national parks in South Africa. A special unit within SANParks imple-
ments the WFW programme nationally. The annual funding provided to the KNP
averages R5 million (675,000 Euro) per annum, which employs up to 500 people
and has seen many of the rivers, e.g. the Sabie River, which were previously heav-
ily invaded by alien plants, now at a maintenance level (i.e. where resource require-
ments are limited and the impact on the ecosystem is assumed to be negligible).
6. Development of an alien species research programme within KNP
The lack of a co-ordinated research programme for biological invasions in the KNP
has been considered a shortcoming in the management of the Park (Foxcroft &
Freitag-Ronaldson 2004). It is unlikely that all of the alien species that presently
occur in the KNP will be eradicated or even controlled, and thus some are likely to
become part of the landscape. A challenge therefore is to be able to identify and pre-
dict the negative impacts of alien species invasions, in particular changes in ecosys-
tem functions and the flow-on effects of such changes (i.e. altered fire regimes, see
Mack & D’Antonio (1998) and Gordon (1998) for further discussion).
A research priority framework for alien species has been developed which
focuses on three focal research areas: 1) impacts (to biodiversity structure, compo-
sition and function), 2) ecology of invasions (i.e. to develop a predictive capacity of
the dynamics of alien species based on their ecology), and 3) efficacy of control
(i.e. to develop more effective and efficient controls, which minimise non-target
impacts and lead to long-term rehabilitation of invaded sites). These research areas
will also help to provide information for refining and developing future TPCs.
Managing alien plants within the New South Wales Park system
In New South Wales (NSW), there are over 600 protected areas encompassing 6.5
million ha of land, all of which are managed by the Parks and Wildlife Division
(PWD) of the NSW Department of Environment and Conservation (Fig. 1). While
the PWD does not have an adaptive management system like that used in the KNP
or a system of TPCs, it is in the process of developing a park policy framework,
which outlines all management areas, both biological and non-biological (e.g.
assets). When it comes to managing alien plant species, this draft framework out-
lines a combination of site- and species-led management. Site-led management is
based on controlling alien plants at sites of high conservation value (e.g. World
Heritage areas), while species-led management is based on programs for a specific
alien plant (e.g. C. monilifera subsp. rotundata, or where control is species-specif-
ic – e.g. biological control). The underlying decisions on when to use each are deter-
mined by seven key management objectives (not in any order of priority), being 1)
biodiversity conservation, 2) community/neighbour relations, where there is direct
benefit from working with external partners to prevent or limit spread between pro-
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tected areas and surrounding lands (e.g. see Dennis 2002), 3) asset management
(e.g. cultural heritage values), 4) infrastructure management (e.g. controlling alien
plants around picnic areas, camping grounds, walking tracks, and roads), 5) foster-
ing research aimed at improved management and, 6) delivering broader strategic
outcomes (e.g. actions in strategies like the National C. monilifera Strategy (ARM-
CANZ et al. 2000) or the C. monilifera Threat Abatement Plan (DEC 2006), and 7)
alien plants which have potential impacts on human health. In addition, the man-
agement of alien plants in NSW may also be governed by legislation (e.g. NSW
Noxious Weeds Act 1993).
There are more than 1380 naturalized alien plant species in NSW (Coutts-Smith
& Downey 2006), 300 of which are considered to be invaders of natural ecosystems
(Downey et al. in press) and thus are of concern for protected areas management.
Given the large number of invasive alien plants and reserves, the management of
alien plants is divided into two components, namely, 1) a centralized pest manage-
ment unit, responsible for state-wide programs and policy, and 2) regional and local
on-ground operations co-ordinated through regional pest management strategies
and dedicated pest management officers.
While the TPC system has not been used in NSW, the invasion pathways the
TPCs are based around have been addressed in a less formally conceptualized man-
ner, through a co-operative governance approach. For example, the NSW
Department of Primary Industries assesses new incursions (i.e. first TPC) across the
state, and determines the course of management to be undertaken by other stake-
holders in accordance with the NSW Noxious Weeds Act 1993. This system is not
specifically aimed at protected areas, but rather the state as a whole. The regional
pest management strategies in part encompasses the system described in the first
and second TPC for KNP, by identifying new incursions that have the potential to
impact on park values. The third TPC is not addressed however, as the NSW system
has moved away from an assumption based approach, to measuring impacts on bio-
diversity (i.e. increase in density) to an actual impact measure (i.e. the biodiversity
at risk), especially for wide-spread species (see below).
1. State-wide management
The focus for alien species management at a state-wide level in protected areas
within NSW is currently directed through the Threat Abatement Planning (TAP)
process for widespread species (see Downey 2003, Downey & Leys 2004). This
process requires prioritization of alien plants for management, an understanding of
their impact on biodiversity, as well as information on the best practice management
(see below for further discussion).
2. Regional management
As resources (e.g. monetary and in-kind) are insufficient to control all alien species
in all parks, a series of regional pest management strategies have been developed,
which establish priorities and direct resources to areas where expected outcomes are
the greatest (e.g. NPWS 2002, 2004). These regional strategies are currently being
revised using an improved set of criteria, encompassing 12 management areas
divided into four prioritized categories (low to very high). The management areas
include biodiversity conservation, human health, new incursions, neighbour rela-
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tions, cultural heritage, world heritage areas, recreation and aesthetic values, com-
munity backed programs, co-operative programs, community education, previous
programs, and opportunistic events (e.g. after wildfires).
Developing a strategy for managing alien plant impacts on biodi-
versity
In a mini-review of alien plant management in Australia, Downey (this volume)
argues that impacts on biodiversity are not adequately addressed, with the exception
of some recent work by the PWD for widespread species. This work has led to a
three stage assessment system, being the identification of 1) the alien plant species
posing the greatest risk to biodiversity, 2) the biodiversity at risk from alien plants,
and 3) an effective management strategy for alien plant species that pose the great-
est threat to biodiversity – each of which is outlined briefly below.
1. Identifying the alien plant species posing the greatest risk to biodiversity
Of the 2800 naturalized plants in Australia (Groves et al. 2003), about half occur in
NSW (see Coutts-Smith & Downey 2006). Of these, many do not pose a threat to
Protected Areas as they are, for example, agricultural invaders. An assessment of
the alien plant species that are naturalized in NSW was developed to determine the
potential impact of naturalized alien plant to biodiversity. This assessment of the
1380 naturalized alien plants within NSW reduced this number to 300 species, by
excluding all alien plants that only posed a threat in agricultural, wastelands and
urban (e.g. roadsides) situations, and then all those species that were considered to
be naturalized but not a threat or unlikely to pose a serious threat in the future were
eliminated, using the categories outlined in Groves et al. (2003). These 300 species
were ranked using a model which assessed current and potential distribution, the
types and diversity of ecological communities invaded and the way in which biodi-
versity was impacted (e.g. ecosystem function, and ability to affect an entire com-
munity). This was then weighted against the total biodiversity present on a region-
al basis (see Downey et al. in press). The model predicted that approximately 90
alien plants posed significant concern for biodiversity conservation, suggesting that
management strategies for protected areas should be focused on these alien species
in the first instance. It must be noted that for many of these alien plant species some
form of control currently occurs.
2. Determining the biodiversity at risk from alien plants
One of the primary objectives for managing protected areas is to ensure that the val-
ues contained within such areas are not eroded. While the major causes of biodi-
versity decline have been identified (see WRI et al. 1992), little has been done to
determine the native biodiversity that is at risk (Downey this volume). Given that
protected areas address the main cause of biodiversity decline, e.g. habitat destruc-
tion, biodiversity conservation in such areas must address the next major cause,
being invasive alien species.
Historically, attempts to determine the impacts of alien species to native biodi-
versity have been either through specific scientific investigation (e.g. Weiss &
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Noble 1984, French & Zubovic 1997, Vranjic et al. 2000), or reviews of such stud-
ies (e.g. Grice et al. 2004, Vidler 2004). However, a more comprehensive assess-
ment is needed, that encompasses a broad range of biodiversity and a range of alien
plant species. Recent work undertaken by the PWD involving two distinct
approaches has enabled such assessments. The first process involved an examina-
tion of threatened species lists (see Coutts-Smith & Downey 2006), while the sec-
ond involved the development of the Weed Impacts to Native Species (or WINS)
assessment process (see Downey 2006). These two new approaches have signifi-
cantly increased the number of native species considered to be at risk from alien
plant invasions within NSW (Downey, this volume, presents further discussion of
these approaches).
3. Determining an effective management strategy for alien plant species that pose
the greatest threat to biodiversity
Knowing which alien plants are posing a threat to protected areas and the biodiver-
sity most at risk from such invasions provides the auspices for developing manage-
ment strategies. For example, the Threat Abatement Planning (TAP) process devel-
oped under the NSW Threatened Species Conservation Act 1995 (TSC Act) for
alien species listed as Key Threatening Processes (KTP) has led to such a manage-
ment strategy. A Threat Abatement Plan outlines a strategy to abate, ameliorate or
eliminate the threat posed by the KTP to biodiversity, independent of land tenure.
Based on the only alien plant TAP to date (i.e. C. monilifera TAP; see DEC 2006),
the TAP contains five broad objectives, which aim to 1) develop a strategic frame-
work for delivering control of the threat to areas of high conservation value (in
terms of threatened biodiversity), 2) develop and promote best practice manage-
ment, 3) monitor the effectiveness of control programmes in terms of the recovery
of threatened biodiversity, 4) foster community education, involvement and aware-
ness, and 5) identify and fill knowledge gaps where possible. In order to meet the
first objective a two stage process was developed to determine and prioritise sites
where the control of alien plants will have the greatest benefit for biodiversity. The
first stage uses the four step WINS assessment process, being 1) literature review,
2) targeted workshops to survey land managers, 3) development and review of a list
of native species at risk, and 4) model the final list (see Downey 2006 for further
details). The second stage assesses the sites where these species occur for control
based on the 1) ability to achieve effective control, 2) the actual impact of the alien
species, and 3) condition of the species and the location (i.e. other threats present).
Implementation of the C. monilifera TAP at the 169 priority sites for the conserva-
tion of 19 species and 26 ecological communities involves all levels of government
and the community. Community groups (e.g. Landcare groups) play a pivotal role
in management of alien plants in Australia, as well as helping to raise awareness
across the broader community (see Atkins & Molloy 1993). There are approxi-
mately 600 community groups working along the coastline of NSW, many of these
groups work on the control of C. monilifera subsp. rotundata and the restoration of
previously invaded areas (both on- and off-park).
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Comparison of the two approaches
While each agency developed a different approach to invasive alien plant manage-
ment, comparisons of these approaches illustrate that each agency actually
addressed similar management components in a different way, and what could col-
lectively form a more comprehensive strategy. The KNP used a formalized man-
agement structure, emphasising ‘learning by doing’, where the specific manage-
ment objectives are directed through a series of thresholds of potential concern
(TPCs). The TPCs are based around acceptable upper and lower limits, within
which ‘natural’ variation occurs, and in order to detect breaches monitoring is crit-
ical. Active intervention only occurs once a TPC has been breached. The alien
species TPCs are an evolving process; as is the case for other TPCs and thus some
management aspects of alien species management are yet to be established for KNP
(e.g. the impacts on biodiversity of widespread alien species). On the other hand,
the PWD opted for a more informal management system, involving a combination
of state-wide and regional priorities which account for the objectives behind the
first two TPCs developed for KNP, without specifically formulating a robust TPC
for each or adopting a formal monitoring system. This is probably in part because
the PWD works with other agencies in NSW to manage alien plants. In addition,
the PWD has placed a greater emphasis on understanding and managing the
impacts of widespread alien plants on biodiversity, through the development and
implementation of strategies to identify and prioritise alien plant species, the native
species at risk and sites for control. This process is not based on assumptions of
impacts as is the case of the third TPC, but could be encompassed within a fourth
TPC where some measure of the species at risk (e.g. a specific number) initiates a
breach and a TAP is developed and implemented.
Irrespective, many aspects of management components are similar between the
two organisations, specifically the need for additional data to make decisions, fur-
ther research (including the evaluation of control programs), and involving the com-
munity and neighbours.
Conclusions
The threat posed by alien plants to the value of Protected Areas and their manage-
ment cannot be overstated. This threat has resulted in development of many alien
species management strategies as illustrated by the South African and Australian
examples presented here, aimed at delivering the same outcomes. Both agencies
have had to overcome a range of hurdles which include the limitations of the avail-
able data, an increasing number of alien plant species and competing priorities in
order to resolve the vast management challenges associated with managing biodi-
versity and alien species within protected areas.
This comparison of the two approaches highlights the diversity of solutions that
have been developed for managing alien plants in Protected Areas. These approach-
es both mirror each other and encompass issues not addressed by the other. The
ideas presented here can be used as a model for establishing alien species manage-
ment strategies for other Protected Areas.
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Managing protected areas in the face of biodiversity loss poses substantial chal-
lenges. The solutions to these challenges are equally as complex and require a range
of different strategies. It is anticipated that this chapter will be the beginning of col-
laborations between the KNP and PWD, aimed at developing a collective knowl-
edge base for the management of alien species within Protected Areas. 
Acknowledgements
LCF thanks the DST/NRF Centre for Invasion Biology for a PhD scholarship, to
which this paper is a contribution, and funding travel to the EMAPI conference. We
thank the South African National Parks and the Department of Environment and
Conservation (NSW; Australia) for permission to attend the conference and making
available information on alien plant management for this publication.
References
Allee, V. 1997. Transformational learning. Executive Excellence 14: 12.
ARMCANZ (Agriculture and Resource Management Council of Australia and New Zealand),
ANZECC (Australian and New Zealand Environmental and Conservation Council) and Forestry
Ministers. 2000. Weeds of National Significance – bitou bush and boneseed (Chrysanthemoides
monilifera ssp. rotundata and monilifera) Strategic Plan. National Weeds Strategy Executive
Committee, Launceston.
Atkins, D.L. and Molloy, J.M. 1993. The role of landcare groups in weed control. In: Proceedings
of the Tenth Australian Weeds Conference and Fourteenth Asian Pacific Weed Society
Conference, 1993, Brisbane, pp. 454-457. Weed Society of Queensland, Brisbane.
Biggs, H.C. and Rogers, K.H. 2003. An adaptive system to link science, monitoring, and manage-
ment in practice. In: du Toit, J.T., Rogers, K.H. and Biggs, H.C. (eds.), The Kruger experience:
Ecology and management of savanna heterogeneity, pp. 59-80. Island Press, Washington.
Bright, C. 1995. Life out of bounds, bio-invasions in a borderless world. The Worldwatch
Environmental Series. Norton, New York.
Chapman, R.A., Le Maitre, D.C. and Richardson, D.M. 2001. Scenario planning: understanding and
managing biological invasions in South Africa. In McNeely, J.A. (ed.), The great reshuffling:
human dimensions of invasive alien species, pp. 195-208. IUCN, Gland, Switzerland and
Cambridge, UK.
Coutts-Smith, A.J. and Downey, P.O. 2006. The impact of weeds on threatened biodiversity in New
South Wales. Technical Series, no. 11, CRC for Australian Weed Management, Adelaide.
DEC (Department of Environment and Conservation). 2006. Approved Threat Abatement Plan for
the invasion of native plant communities by Chrysanthemoides monilifera (bitou bush / bone-
seed). Department of Environment and Conservation (NSW), Hurstville.
Dennis, L.C. 2002. Weed control on the public-private land interface in Victoria – the ‘Good
Neighbour Program’. In: Spafford Jacob, H., Dodd, J. and Moore, J.H. (eds.), Proceedings of the
Thirteenth Australian weeds conference, 8-13 September, Perth, pp. 689-692. Plant Protection
Society of Western Australia, Perth.
di Castri, F. 1989. History of biological invasions with emphasis on the Old World. In: Drake, J., di
Castri, F., Groves, R.H., Kruger, F., Mooney, H.A., Rejmánek, M. and Williamson, M. (eds.),
Biological invasions: A global perspective, pp. 1-30. John Wiley, New York.
Downey, P.O. 2003. Threat abatement plans: weeds and plant conservation. In: The Proceedings of
the Twelfth Biennial Noxious Weeds Conference, 1-4 July 2003, Taree, NSW, (pages unnum-
bered), Greater Taree City Council, Taree.
Downey, P.O. 2004. Bitou bush management and plant conservation: establishing priorities for con-
trol. In: Sindel, B.M. and Johnson, S. (eds.), The Proceedings of the Fourteenth Australian
weeds conference, 6-9 September, Wagga Wagga, pp. 697-700. R.G. and F.J. Richardson,
Melbourne.
400 Llewellyn C. Foxcroft and Paul O. Downey
30.qxd:inloopdocument_q5.qxd  05-03-2008  14:50  Pagina 400
Downey, P.O. 2006. The Weed Impact to Native Species (WINS) assessment tool – results from a
trial for bridal creeper (Asparagus asparagoides (L.) Druce) and ground asparagus (Asparagus
aethiopicus L.) in southern New South Wales. Plant Protection Quarterly 21: 109-116.
Downey, P.O. This volume. Determination and management of alien plant impacts on biodiversity:
examples from New South Wales, Australia. pp. 369-385. 
Downey, P.O. and Leys, A.R. 2004. Weeds as key threatening processes. In: Sindel, B.M. and
Johnson, S.B. (eds.), Proceedings of the Fourteenth Australian weeds conference, 6-9
September, Wagga Wagga, pp. 454-457. Weed Society of New South Wales, Wagga Wagga.
Downey, P.O., Scanlon, T.J. and Hosking, J.R. In press. A system for prioritising the impact of weeds
on biodiversity in New South Wales. Department of Environment and Conservation (NSW),
Hurstville.
Drake, J.A., Mooney, H.A., di Castri, F., Groves, R.H., Rejmánek, M. and Williamson, M. 1989.
Biological invasions: A global perspective. John Wiley, New York. 
Driver, A., Maze, K., Rouget, M., Lombard, A.T., Nel, J., Turpie, J.K., Cowling, R.M., Desmet, P.,
Goodman, P., Harris, J., Jonas, Z., Reyers, B., Sink, K. and Straus, T. 2005. National spatial bio-
diversity assessment 2004: Priorities for biodiversity conservation in South Africa. Strelitzia 17,
South African National Biodiversity Institute, Pretoria.
du Toit, J.T., Rogers, K.H. and Biggs, H.C. (eds.) 2003. The Kruger experience: Ecology and 
management of savanna heterogeneity. Island Press, Washington.
Elton, C.S. 1958. The ecology of invasions by animals and plants. Chapman and Hall, London.
Foxcroft, L. 2000. A case study of the human dimensions in invasion and control of alien plants in the
personnel villages of Kruger National Park. In: McNeely, J.A. (ed.), The great reshuffling: human
dimensions of invasive alien species, pp. 127-134. IUCN, Gland, Switzerland and Cambridge, UK.
Foxcroft, L.C. 2004. An adaptive management framework for linking science and management of
invasive alien plants. Weed Technology 18: 1275-1277.
Foxcroft, L.C. 2005. Alien species in Kruger National Park. Over-arching policy document, Version
1. South African National Parks (SANParks).
Foxcroft, L.C. and Freitag-Ronaldson, S. 2004. Steps towards the development of an invasive alien
species research programme. South African National Parks, Kruger National Park, Scientific
Report 02/04.
Foxcroft, L.C., Henderson, L., Nichols, G.R. and Martin, B.W. 2003. A revised list of alien plants
for the Kruger National Park. Koedoe 46(2): 21-44.
Foxcroft, L.C. and Richardson, D.M. 2003. Managing alien plant invasions in the Kruger National
Park, South Africa. In: Child, L., Brock, J.H., Brundu, G., Prach, K., Pyšek, P., Wade, P.M. 
and Williamson, M. (eds.), Plant invasions: Ecological threats and management solutions, pp.
385-403. Backhuys Publishers, Leiden, The Netherlands.
Freitag-Ronaldson, S. and Foxcroft, L.C. 2003. Anthropogenic influences at the ecosystem level. In:
du Toit, J.T., Rogers, K.H. and Biggs, H.C. (eds.), The Kruger experience: Ecology and 
management of savanna heterogeneity, pp. 391-421. Island Press, Washington.
French, K. and Zubovic, A. 1997. Effect of the weed Chrysanthemoides monilifera (bitou bush) on
bird communities. Wildlife Research 24: 727-735.
Gordon, D.A. 1998. Effects of invasive, non-indigenous plant species on ecosystem processes:
lessons from Florida. Ecological Applications 8(4): 975-989.
Grice, A.C., Field, A.R. and McFadyen, R.E.C. 2004. Quantifying the effects of weeds on biodiver-
sity: beyond blind Freddy’s test. In: Sindel, B.M. and Johnson, S. (eds.), The Proceedings of the
Fourteenth Australian weeds conference, 6-9 September, Wagga Wagga, pp. 464-468. R.G. and
F.J. Richardson, Melbourne.
Groves, R.H. and Hosking, J.R. 1998. Recent incursion of weeds to Australia: 1971-1995. Technical
Series No. 3. Co-operative Research Centre for Weed Management Systems, Adelaide.
Groves, R.H., Hosking, J.R., Batianoff, G.N., Cooke, D.A., Cowie, I.D., Johnson, R.W., Keighery,
G.J., Lepschi, B.J., Mitchell, A.A., Moerkerk, M., Randall, R.P., Rozefelds, A.C., Walsh, N.G.
and Waterhouse, B.M. 2003. Weed categories for natural and agricultural ecosystem manage-
ment. Bureau of Rural Sciences, Canberra.
IUCN (The World Conservation Union). 2005. Causes of biodiversity loss. <http://iucn.org/bil/
bioloss.html>.
Kirkpatrick, J. 1995. The status of lowland temperate grasslands in south-eastern Australia. In:
Sharp, S. and Rehwinkel, R. (eds.), Management of relict lowland grasslands: Proceedings of a
workshop and public seminar, September 24-25, 1993, Canberra, pp. 75-79. Conservation
Series no. 8, ACT Parks and Conservation Service, Canberra.
Protecting biodiversity by managing alien plants in national parks 401
30.qxd:inloopdocument_q5.qxd  05-03-2008  14:50  Pagina 401
Levin, S.A. 1999. Fragile dominion: complexity and the commons. Perseus Books, Reading, MA.
Lonsdale, W.M. 1999. Global patterns of plant invasions and the concept of invasibility. Ecology 80:
1522-1536.
Mack, M.C. and D’Antonio, C.M. 1998. Impacts of biological invasions on disturbance regimes.
Trends in Ecology and Evolution 13: 195-198.
Mack, R.N. 1996. Biotic barriers to plant naturalization. In: Moran, V.C. and Hoffman, J.H. (eds.)
Proceedings of the IX international symposium on biological control of weeds, January,
Stellenbosch, pp. 39-46. Cape Town.
Moody, M.B. and Mack, R.N. 1988. Controlling the spread of plant invasions: the importance of
nascent foci. Journal of Applied Ecology 25: 1009-1029.
Mooney, H.A., Mack, R.N., McNeely, J.A., Neville, L.A., Schei, P.J. and Waage, J.K. (eds.). 2005.
Invasive alien species: A new synthesis. The Scientific Committee on Problems of the
Environment (SCOPE) 63, Island Press, London.
Myers, J.H., Simberloff, D., Kuris, A.M. and Carey, J.R. 2000. Eradication revisited: dealing with
exotic species. Trends in Ecology and Evolution 15: 316-320.
NPWS (National Parks and Wildlife Service). 2002. Northern rivers region pest management strat-
egy 2001-2004. NSW National Parks and Wildlife Service, Coffs Harbour.
NPWS (National Parks and Wildlife Service). 2004. Sydney north region pest management strate-
gy 2004-2007. NSW National Parks and Wildlife Service, Sydney.
Obermeijer, A.A. 1937. A preliminary list of the plants found in the Kruger National Park. Annals
of the Transvaal Museum 17(4): 185-227.
Pickett, S.T.A., Ostfeld, R.S., Shachak, M. and Likens, G.E. 1997. Enhancing the ecological basis
of conservation: Heterogeneity, ecosystem function and biodiversity. Chapman and Hall, New
York.
Reichard, S.H. and Hamilton, C.W. 1997. Predicting invasions of woody plants introduced into
north America. Conservation Biology 11: 193-203.
Rejmánek, M. 2001. What tools do we have to detect invasive plant species? In: Groves, R.H.,
Panetta, F.D. and Virtue, J.G. (eds.), Weed risk assessment, pp. 3-9. CSIRO Publishing,
Collingwood.
Rejmánek, M. and Pitcairn, M.J. 2002. When is eradication of exotic pest plants a realistic goal? In:
Veitch, C.R. and Clout, M.N. (eds.), Turning the tide: The eradication of invasive species, pp.
249-253. IUCN SSC Invasive Species Specialist Group. IUCN, Gland, Switzerland and
Cambridge, UK. 
Rogers, K.H. 2003. Adopting a heterogeneity paradigm: implications for management of protected
savannas. In: du Toit, J.T., Rogers, K.H. and Biggs, H.C. (eds.), The Kruger experience: Ecology
and management of savanna heterogeneity, pp. 41-58. Island Press, Washington.
Stankey, G.H., Bormann, B.T., Ryan, C., Schindler, B., Sturtevant, V., Clark, R.N. and Philpot, C.
2003. Adaptive management and the northwest forest plan: rhetoric and reality. Journal of
Forestry 101(1): 40-46.
Sullivan, J.J., Williams, P.A., Cameron, E.K. and Timmins, S.M. 2004. People and time explain the
distribution of naturalized plants in New Zealand. Weed Technology 18: 1330-1333.
Tilman, D. and Lehman, C. 2001. Human-caused environmental change: impacts on plant diversity
and evolution. Proceedings of the National Academy of Sciences of the United States of
America 89: 5433-5440.
van Wilgen, B.W. 2004. Scientific challenges in the field of invasive alien plant management. South
African Journal of Science 100: 19-20.
Veitch, C.R. and Clout, M.N. (eds.) 2002. Turning the tide: eradication of invasive species. IUCN
SSC Invasive Species Specialist Group, Gland, Switzerland.
Vidler, S.J. 2004. Using your cute and furries: the role of threatened species in weed awareness. In:
Sindel, B.M. and Johnson, S. (eds.), The Proceedings of the Fourteenth Australian weeds 
conference, 6-9 September, Wagga Wagga, pp. 652-658. R.G. & F.J. Richardson, Melbourne.
Vranjic, J.A., Woods, M.J. and Barnard, J. 2000. Soil-mediated effects on germination and seedling
growth of coastal wattle (Acacia sophorae) by the environmental weed, bitou bush
(Chrysanthemoides monilifera ssp rotundata). Austral Ecology 25: 445-453.
Weiss, P.W. and Noble, I.R. 1984. Interactions between seedlings of Chrysanthemoides monilifera
and Acacia longifolia, Australia. Journal of Ecology 9: 107-115.
Wilkinson, L. 1995. How to build scenarios: planning for long fuse, big bang problems in an era of
uncertainty. Wired (Special Edition, Scenarios: The future of the future): 74-81.
Williamson, M. 1996. Biological invasions. Chapman and Hall, London.
402 Llewellyn C. Foxcroft and Paul O. Downey
30.qxd:inloopdocument_q5.qxd  05-03-2008  14:50  Pagina 402
Wilson, E.O. 1992. The diversity of life. Penguin books, London.
Wittenberg, R. and Cock, M.J.W. (eds.) 2001. Invasive alien species: A toolkit of best prevention
and management practices. CABI, Wallingford, Oxon, UK, xii-228. 
Wittenberg, R. and Cock, M.J.W. 2005. Best practices for the prevention and management of inva-
sive alien species. In Mooney, H.A., Mack, R.N., Mcneely, J.A., Neville, L.E., Schei, P.J. and
Waage, J.K. (eds.), Invasive alien species: A new synthesis. Scientific Committee on Problems
of the Environment (SCOPE): 63, pp. 209-232. Island Press, Washington.
WRI, IUCN and UNEP 1992. Global biodiversity strategy: Guidelines for action to save, study, and
use the Earth’s Biotic Wealth Sustainably and Equitably. WRI (World Resources Institute),
IUCN (The World Conservation Union) and UNEP (United National Environment Programme),
Washington.
Protecting biodiversity by managing alien plants in national parks 403
30.qxd:inloopdocument_q5.qxd  05-03-2008  14:50  Pagina 403
30.qxd:inloopdocument_q5.qxd  05-03-2008  14:50  Pagina 404
